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(existing  walls  have  1.55  pmwf^ant)  .-j  Comparison  of  data  with  analysis  indicates 
that  an  accidental  explosion  equivalent  to  approximately  1,800  lb  of  TNT  will 
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results  of  this  analysis  procedure  with  data  provided  a  good  eistimate  of  safe 
operating  criteria  and  the  maximum  capacity  for  the  control  rooms. 
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CONVERSION  FACTORS,  NON-SI  TO  SI  (METRIC)  UNITS  OF  MEASUREMENT 


Non-SI  units  of  measurement  used 

units  as  follows: 

Multiply 

in  this  report 

By 

may  be  converted  to  SI  (metric) 

To  Obtain 

degrees  (angle) 

0.01745329 

radians 

feet 

0.3048 

metres 

inches 

2.54 

centimetres 

inches  per  foot 

8.33 

centimetres  per  metre 

kips  (force)  per  square  inch 

6.894757 

megapascals 

pounds  (force) 

4.448222 

newtons 

pounds  (force)  per  square  inch 

6.894757 

kilopascals 

pounds  (mass) 

0.4535924 

kilograms 

square  inches  per  foot 

21.166667 

square  centimetres  per  metre 

BLAST  ANALYSIS  AND  DESIGN  OF  ROCKET  ENGINE 
TEST  FACILITY  CONTROL  ROOMS 

INTRODUCTION: 

In  June  1985,  the  NASA  Lewis  Research  Center  began  preliminary  engineering 
design  work  on  the  expansion  of  their  Rocket  Engine  Test  Facility.  One  option 
for  this  expansion  is  the  construction  of  an  additional  control  room  on  top  of 
the  existing  control  room.  Because  of  the  proximity  of  the  control  rooms  to 
potentially  high-explosive  materials,  it  was  decided  that  the  existing  control 
room  should  be  analyzed  to  determine  its  blast  resistance.  It  was  also 
decided  that  the  proposed  additional  room  be  designed  with  a  compatible  blast 
resistance.  NASA  requested  that  the  USAE  Waterways  Experiment  Station  (WES) 
support  this  effort  by  providing  a  blast  response  analysis  of  the  existing 
control  room  and  preliminary  design  recommendations  for  the  proposed 
additional  control  room. 

SCOPE : 

An  analysis  of  the  existing  control  room  was  accomplished  using  the 
"Computer  Program  for  Optimum  Nonlinear  Dynamic  Design  of  Reinforced  Concrete 
Slabs  under  Blast  Loading"  (CBARCS).  This  code  was  developed  under  the 
sponsorship  of  the  Office,  Chief  of  Engineers  (OCE),  US  Army,  as  a  part  of  the 
Computer-Aided  Structural  Engineering  (CASE)  Project,  and  is  available  at  the 
National  Technical  Information  Service,  Springfield,  VA  (Reference  1).  Only 
the  wall  directly  facing  the  potential  explosion  position  was  analyzed,  and 
since  the  penetrations  in  this  wall  were  less  than  5  percent  of  the  wall  area, 
they  were  Ignored.  Enhancement  of  the  reflected  blast  loading  due  to  the 
floor  and  walls  of  the  test  chamber  adjacent  to  the  control  room  was  included 
in  the  analysis.  The  analysis  determined  the  response  of  the  wall  under 
various  amounts  of  high  explosive  (HE)  (TNT  equivalent). 

To  evaluate  the  safety  of  the  existing  control  room,  data  from  recent 
experimental  concrete  slabs  loaded  by  explosives  under  conditions  similar  to 
the  existing  and  proposed  control-room  walls  were  examined.  These  data  formed 
a  basis  for  Judgment  as  to  the  conservatism  of  the  analysis  procedures  used. 

The  design  of  the  additional  control  room  was  also  accomplished  using  the 
CBARCS  program.  Again,  tne  wall  facing  the  potential  explosion  position  was 
considered  the  critical  structural  element.  The  CBARCS  program  optimization 
feature  was  used  to  iterate  to  a  concrete  thickness  and  a  steel  percentage 


which  resulted  in  the  most  cost-effective  structure.  The  explosion  position 
was  simplified  by  making  the  conservative  assumption  that  the  explosion  took 
place  at  the  elevation  of  the  wall. 

ANALYSIS  OF  EXISTING  CONTROL  ROOM: 

The  existing  control-room  wall  was  analyzed  using  the  CBARCS  program. 

This  program  uses  yield  line  theory  to  analyze  concrete  slabs  under  high- 
explosive  blast  loads.  The  structure  is  idealized  as  a  single-degree-of- 
freedom  model.  The  program  is  consistent  with  the  Army  Technical  Manual 
TM  5-1300,  "Structures  to  Resist  the  Effects  of  Accidental  Explosions" 
(Reference  2)  and  allows  for  the  consideration  of  various  slab  edge 
conditions,  penetrations,  explosive  types,  explosive  confinement,  and 
reflection  loading.  It  should  be  noted  that  this  program  is  to  be  used  for 
preliminary  design  and  analysis  only.  Final  design  and  analysis,  including 
reinforcing  details,  should  be  in  accordance  with  TM  5-1300. 

Figure  1  shows  the  wall  configuration  and  explosion  position  input  into 
the  CBARCS  program  for  the  existing  control-room  wall.  The  program  output  is 
shown  in  Appendix  A.  Results  from  different  explosive  weights  Indicate  that  a 
small  Increase  in  charge  weight  can  result  in  a  disproportionately  greater 
Increase  in  the  corresponding  wall  deflection.  Figure  2  shows  this 
relationship  and  shows  the  charge  weight  which  corresponds  to  various  degrees 
of  structural  damage,  i.e.,  in.  of  deflection. 

TM  5-1300  indicates  that  a  concrete  slab  without  laced  reinforcing  is 
considered  to  fail  at  a  2-degree*  support  rotation  to  avoid  buckling  of 
compressive  steel.  According  to  the  CBARCS  program,  this  amount  of  rotation 
takes  place  under  an  explosive  load  of  900  lb  of  TNT  and  is  equivalent  to 
0.70-ln.  deflection.  However,  TM  5-1300  also  states  in  Chapter  6, 

Section  6-2,  that  a  category-1  protection  wall  for  personnel  protection  is 
allowed  a  support  rotation  of  5  degrees  for  laced  reinforcement.  Past 
experience  at  WES  has  shown  that  a  concrete  slab  reinforced  with  conventional 
shear  stirrups  can  sustain  a  support  rotation  of  at  least  5  degrees  without 
failure.  This  does  not  prove  that  the  control-room  wall  in  question  could 
rotate  5  degrees  without  failure,  but  it  does  point  out  the  relative 
conservatism  of  the  2-degree  rotation  criteria. 

*  A  table  of  factors  for  converting  non-Sl  units  of  measurement  to  SI  (metric) 
units  is  presented  on  page  2. 
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COMPARISON  OF  ANALYSIS  WITH  EXPERIMENTAL  DATA 

The  safety  of  the  CBARCS  analysis  of  the  existing  control-room  wall  can  be 
evaluated  by  using  data  from  a  recent  series  of  experiments  conducted  by 
Mr.  Mark  McVay  at  WES.  The  purpose  of  these  tests  was  to  evaluate  different 
antlspalllng  schemes  for  a  concrete  wall  loaded  by  a  cased  TNT  charge.  Two  of 
the  experiments  closely  simulate  the  conditions  of  the  existing  control-room 
wall.  j 

The  first  experiment  was  conducted  at  a  scale  of  1/2.8  of  the  control-room 
wall.  This  scales  up  to  a  24-ln. -thick  wall  loaded  by  a  cased  charge  of 
444  lb  of  TNT  at  a  range  of  14.12  ft  (Figure  3).  The  flexural  steel  ratio  was 
0.25  percent  with  a  steel  strength  of  60,000  psi  and  a  concrete  strength  of 
5,200  psi.  Shear  resistance  was  provided  by  0.152  in.  per  linear  ft  of 
60,000-psi  shear  steel.  This  is  comparable  to  the  control-room  wall  with  a 
thickness  of  24  in.  and  a  steel  ratio  of  1.55  (considerably  more  than  the  0.25 
ratio  in  the  test  slab)  with  a  steel  strength  of  40,000  psi  and  a  concrete  ^ 

strength  of  3,000  psi.  Shear  steel  consisted  of  0.40  sq  in.  per  linear  ft, 

40,000-psi  steel  for  the  control  room.  To  judge  the  conservatism  of  the 
CBARCS  program,  the  program  was  used  to  analyze  the  experimental  wall 
(Appendix  B) .  This  analysis  will  be  directly  compared  to  the  experimental 
results. 

The  pressure  history  as  measured  at  the  bottom  of  the  experimental  wall  is 
shown  in  Figure  4.  The  total  effective  impulse  calculated  by  CBARCS  was 
792.64  psi-msec,  while  the  scaled  impulse  from  the  experimental  wall,  measured 
at  the  position  closest  to  the  explosion,  was  1,288  psi-msec.  Because  the 
control-room  wall  ha3  a  natural  period  of  30.4  msec,  the  wall  is  impulse 
sensitive;  therefore,  the  loading  by  CBARCS  is  comparable  to  that  of  the 
experiment.  It  should  be  noted  that  the  CBARCS  program  applies  a  uniform 
loading  function  over  the  entire  surface  of  the  wall.  In  the  experimental 
case,  the  pressure  was  seen  to  attenuate  substantially  at  increasing  distances 
away  from  the  source  of  the  explosion.  This  indicates  that  CBARCS  makes  a 
conservative  estimate  of  the  loading  function.  The  CBARCS  structural  response 
calculations  are  also  shown  to  be  conservative  when  the  program  predicts  that 
the  experimental  wall  should  fail  in  flexure,  with  a  support  rotation  of 
2.3  degrees.  The  data  from  the  experiment  shows  that  there  was  essentially  no 
damage  to  the  wall  (Figure  5). 
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The  second  experiment  was  conducted  at  a  scale  of  of  the  control- 

room  wall.  This  scales  up  to  a  2<4-ln. -thick  wall  loaded  by  a  charge  of 
1,755  lb  of  TNT  at  a  range  of  22.32  ft  (Figure  6).  The  flexural  steel  ratio 
was  0.25  percent  with  a  steel  strength  of  60,000  psi  and  a  concrete  strength 
of  <4,000  psi.  Shear  steel  consisted  of  0 . 24  sq  in.  per  linear  ft,  60,000-psi 
steel.  The  CBARCS  program  was  again  used  to  analyze  the  experimental  wall. 
This  analysis  showed  that  the  wall  collapsed  with  a  support  rotation  of 
12  degrees  (Appendix  C).  The  results  of  the  experimental  test  were  moderate 
damage  and  flexural  response  corresponding  to  approximately  a  1.2-degree 
support  rotation  (Figure  7). 

The  final  conclusion  as  to  the  capacity  of  the  existing  control-room  wall 
is  based  on  the  CBARCS  analysis  and  experimental  data.  The  CBARCS  program 
indicates  that  the  control-room  wall  will  withstand  900  lb  of  TNT  before  it 
will  fail  in  flexure.  However,  when  shear  is  checked  as  per  TM  5-1300,  the 
shear  steel  required  is  greater  than  that  which  exists  in  the  wall.  The 
experimental  data  indicate  otherwise.  In  both  experiments,  the  shear  steel 
present  was  less  than  that  in  the  control-room  wall,  yet  diagonal  shear 
failure  did  not  occur.  This  supports  a  perception  widely  held  by  WES 
experimenters  that  the  problem  of  shear  failure  is  overestimated  in  TM  5-1300 
and  other  similar  blast-design  manuals.  Also,  a  comparison  of  the  flexural 
response  predicted  by  CBARCS  for  the  experimental  wall3  and  the  actual 
response  of  these  walls  shows  the  extreme  conservatism  present  in  the  CBARCS 
program.  Therefore,  it  is  recommended  that  based  on  the  experimental  data  the 
capacity  of  the  existing  control-room  wall  be  considered  to  be  1 ,000  lb  of 
TNT. 

DESIGN  OF  ADDITIONAL  CONTROL  ROOM: 


The  design  of  the  additional  control  room  was  simplified  by  considering 
only  the  wall  facing  the  potential  explosive  (Figure  8).  This  wall  was 
designed  using  the  CBARCS  program  and  TM  5“1300.  The  structural  optimization 
feature  of  the  CBARCS  program  was  used  to  develop  the  least-cost  wall  to 
resist  the  given  load.  A  detailed  explanation  of  the  optimization  feature  can 
be  found  in  the  CBARCS  User’s  Guide  (Reference  1).  Briefly,  the  program  takes 
an  assumed  cost  for  steel  and  concrete;  sets  up  a  cost  function;  and  with  an 
assumed  starting  point,  increments  the  design  variables  until  a  minimum  cost 
is  obtained. 
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The  CBARCS  program’s  input  and  output  can  be  seen  in  Appendix  D.  A 
concrete  strength  of  4,000  psi  and  a  steel  strength  of  60,000  psi  was  used. 

No  laced  shear  reinforcement  was  assumed;  therefore,  the  2-degree  support 
rotation  failure  criteria  was  used.  In  th'  first  computer  run,  1,000  lb  of 
TNT  was  assumed  to  explode  at  the  elevation  of  the  wall  with  no  floor  or  wall 
reflections.  The  wall  was  assumed  to  be  fixed  at  all  supports.  This  resulted 
in  the  computer  iterating  down  to  the  minimum  wall  thickness  of  12  in.  and  the 
minimum  steel  ratio  allowed  by  the  program  and  recommended  by  TM  5-1300. 

With  these  results,  it  was  decided  that  a  more  economical  design  may  be 
possible.  The  preliminary  design  of  the  proposed  control  room  assumed  that 
the  wall  facing  the  explosion  hazard  was  tied  into  a  floor  slab  to  be 
constructed  on  top  of  the  existing  control  room.  This  would  mean  that  the 
roof  of  the  existing  control  room  and  the  new  slab  would  have  a  combined 
thickness  of  3  ft  of  concrete.  This  is  grossly  overdesigned.  If  the  existing 
roof  could  be  used  as  the  proposed  floor,  a  cost  savings  would  result.  There 
is,  however,  no  economical  way  to  make  a  moment-transferring  connection 
between  the  proposed  wall  and  the  existing  control  room.  This  means  that  the 
bottom  of  the  proposed  wall  must  be  treated  as  a  pinned  connection  or  as  a 
free  edge,  if  we  are  going  to  do  away  with  the  floor  slab. 

The  CBARCS  design  program  was  rerun,  assuming  that  the  bottom  was  a  free 
edge  (Appendix  E).  Again,  the  concrete  strength  was  4,000  psi,  and  a  steel 
strength  of  60,000  psi  was  used.  This  resulted  in  a  design  which  required  a 
12-in. -thick  wall  with  a  vertical  and  horizontal  flexural  steel  requirement  of 
0.33  percent  on  both  sides.  These  are  nearly  the  same  requirements  as  for  the 
fixed-edge  case  above.  In  the  actual  design,  it  is  recommended  that  shear 
studs  be  provided  to  connect  the  proposed  wall  to  the  existing  control  room, 
providing  a  pinned  connection  at  that  point.  These  shear  studs  must  be  able 
to  resist  a  shear  of  13,100  lb  per  linear  ft  as  per  the  shear  present  at  the 
bottom  support  in  the  fixed-edge  computer  run.  Shear  stud  requirements  are 
dependent  upon  the  stud  layout  and  geometry  chosen  by  the  designers.  However, 
examination  of  the  literature  shows  that  a  reasonable  shear  stud  design  is 
possible  for  this  loading.  Diagonal  shear  reinforcement  in  the  wall  slab  must 
be  provided  at  0.22  sq  in.  per  linear  ft  in  both  directions,  with  a  minimum 
spacing  of  12  in.  In  this  way,  a  safe  design  can  be  assured  even  though  the 
actual  pinned  condition  falls  somewhere  between  the  fixed-  and  free-edge 
conditions  which  were  directly  analyzed. 
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CONCLUSION: 

The  analysis  of  the  existing  control-room  wall  using  the  CBARCS  program 
and  TM  5-1300  resulted  in  a  safe  design  load  of  900  lb  of  TNT  equivalent  at  a 
range  of  20  ft.  This  is  a  conservative  estimate  due  to  the  2-degree  support 
rotation  requirement  for  unlaced  concrete  slabs  and  the  conservatism  of  the 
CBARCS  program.  This  conservatism  Is  exemplified  by  a  recent  experiment  where 
reinforced  concrete  walls  under  roughly  comparable  conditions  showed  no  damage 
after  testing.  Also,  reinforced  concrete  walls  tested  under  much  more  severe 
conditions  exhibited  moderate  damage  and  indicated  a  maximum  allowable  amount 
of  explosive  corresponding  to  about  1,800  lb  of  TNT  at  a  range  of  20  ft.  The 
experiments  in  question  did  not  model  the  enhancement  of  the  blast  loading  due 
to  reflection  from  adjacent  walls;  however,  the  moderate  damage  which  resulted 
allows  us  to  recommend  that  a  load  of  1 ,000  lb  of  TNT  should  be  considered  the 
capacity  of  the  existing  control-room  wall. 

Design  calculations  for  the  proposed  additional  control  room  using 
1,000  lb  of  TNT  equivalent  indicated  a  required  wall  thickness  of  12  in.  with 
a  flexural  requirement  of  0.33-percent  steel  vertically  and  horizontally  on 
each  side.  The  concrete  strength  was  ^,000  psi,  and  the  steel  yield  strength 
was  60,000  psi  with  3  in.  of  cover  concrete.  Shear  stirrups  are  required  at 
0.22  sq  in.  per  linear  ft  with  a  minimum  spacing  of  12  in.  Shear  studs  are 
required  to  tie  the  proposed  control  room  into  the  existing  concrete.  The 
studs  must  resist  a  shear  force  of  13,100  lb  per  linear  ft. 
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1  .  Wall  and  explosive  position  input  into  CBARCS  for  existing  control- 
room  wall. 


2.  Charge  weight  versus  CBARCS  calculated  deflection  for  existing 
control  room. 


TEST  1 


Figure  3 


W  =444  #  TNT 

o 


T  =  2'-0' 

F'c  =5.2  ksi 
Fy  =  60  ksi 
Ratio  =0.257. 


h 


14'-1.5' 


y 


Layout  of  Experiment  1  scaled  up  for  comparison  with  existing 
control  room  wall. 


Figure  4.  Pressure  history  for  Experiment  1. 


Figure  5.  Posttest  damage  to  inside  of  test  wall,  Experiment  1. 
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6.  Layout  of  Experiment  2  scaled  up  for  comparison  with  existing 
control-room  wall. 
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may  I  I ;A(  OF  N  I  NI'AI  I  VI".. I  OF 


UIAI  I  i  '(  I  .1  Al  "il  ■  I  I  II  I  A  I  XI 

AVI  I  l  A'  .1  30  A I  •  VIM"  I  I  r 

MAX  M  All  VII  i  H  Ilf 


T  XF  0  1  OHO 

166.51 


DUFFA  I  I  UN  o 

no  i 

3  6-1  I  9  6  I 

I  DM  -13 

O  60  1.91.0 
i  !  1 1  o::i9fi 
r  o  .i  00003 

I  I Y  I  I  /  SI  (  II  03  1  '•>30 


I  I  i  .1  ID 

3  "If. 
,y,  !>.’ 


**************************** 

*  CORPS  PROGRAM  #  X0056  * 

*  VERSION  *  83/10/01  * 

*.** ************************* 

**********************  CAUTION  ********************** 

mis  PROGRAM  SHOULD  BE  USED  I" OR  PRELIMINARY  DESIGN 
AND/OR  ANALYSIS  ONLY.  FINAL  DESIGN  AND/OR  ANALYSIS 
INCLUDING  REINFORCEMENT  PLACING  DETAILS  SHOULD  BE 
IN  ACCORDANCE  WITH  DEPARTMENT  OF  THE  ARMY  TECHNICAL 
MANUAL  IM  5-1300,  'STRUCTURES  TO  RESIST  THE  EFFECTS 
OF  ACCIDENTAL  EXPLOSIONS' 

***************************************************** 


INPUT  NAME  OF  DATA  FILE  IN  7  CHARACTERS  OR  LESS 
HIT  CARRIAGE  RETURN  If  DATA  IS  TO  COME  FROM  TERMINAL 

"EXP  -a 


INPUT’  NAME  Of  Ell  I’  FOR  OUTPUT  TO  BE  WRITTEN  TO. 

Hit  A  CARRIAGE  RETURN  IF  OUTPUT  TO  BE  PRINTED  AT  TERMINAL 


exp  a 

IN  T 


EXPLOSIVE.  PROPERTIES..  .  CHARGE  WE IGHT ( LB  >  «■  1755. 

NUMBER  LQWT  EEORM  EXPLOSIVE  COMPOSITION  BY  WEIGHT 
KCAL/G  C  II  N  O  AL 

.1.  1.000  0  0/0 '10 0  0.370  0.082  0.185  0  'IH3  0 


RAMI  (  PS  I  A  ) 


IAMB  t  C > = 


:.HOCI<  WADE  CALCULATION 


INPU  I  T  A  RAMI... Tf  ITS 
t.  I  l.  iPCE  WL  I  (II T  )  I...B  ) 

I  XI  *1.  OS  I  VI  Nl  IMBER 
L / D  RA  T  I O 

CASE /CHARGE  WT  RATIO 
CHAMBER  I  >RESSl.)RE  <  PS  I  A  ) 
CHAMBER  TEMP ( C ) 

AL  I  I  T  UDI  (  Kl  T  ) 


I  '1  67 
PO  0  0 


CHARGE  Wf  IGH  I  AB.  M  )S  T  ML  N  I 
•  ADJUSTED  W  T  ( I  B  IN  t  ) 

HE  ENERGY  FACTOR 
CHARGE  SHAPE  FACTOR 
CAST  WEIGHT  I  ACTOR 
PRESSURE  SCALE  FACTOR* 
DISTANCE  SCALE  FACTOR 
T  I  Ml  SCAL  E  FAC  T  UP 
NORMAL  REEL.  IACTUP 


0  h;  ’HVI 
0  006  1.1 


DISTANCE  HI  CHARGE  I  ROM  BLAST  WAIL 
CHARGE  Wl  .  I  1,1  IT 


IT 

n  . 
FT 


BLAST  WALL  HEIGHT 

BLAST  WALL..  LENGTH 

HEIGHT  OF  CHARGE  ABOVE  GROUND 

Dt'jT  BETWEEN  CHARGE  S  LEFT  BOUNDARY 

REFLECTION  CODE 


23  28 
67  05 
0  . 

22 . 35 

0  0  0 


TOTAL.  IMPULSE 
DURATION  OF  LOAD 
FICTITIOUS  PEAK  PRESSURE 
EFFECT  I VE  IMPULSE 


12  7  1.  26  PS  I  MS 
29  33585  MSEC 
06  6/1  AO  PS I 
12  71.86  PS  I  MS 


HEIGHT  891  36  IN  I  I!  NCTI-I 


003  60  IN 


l  )Y  NAM  I C  CONG  Rt  IT  S  I  Rl  NC  f  1 1 
DYNAMIC  STL  I  I  ST  RI  SS 
THICKNESS  CONCT'I  M  INCHES 

THICKNESS  OF  SAND  INCHES 

THETA  Al  I  OWARI  I  III  (TREES 

AREA  VI  RT  TOP  S  IT.  I  I  /I  T 
AREA  VERT  DOT  S  IF  I  I  /I  T 
AREA  I  TOP  I  /  TOI'  STEEL /FT 
AREA  HURL/  DOT  STEEL. /I  1 

TYPE  I  CONSTRUCTION 

CONCRETE  MODULUS  PS  I 
RA  T  TO  MOD  STEEL /CONCRE  Tl. 
CROSS  MOMENT  INIRTIA 
AVI  CRACKED  MOM  INERT IA 
AVI  MOMENT  INERTIA 
AVERAGE.  PERCENT  S  II  El 
D  I  AC  T  OR  MU  I  /  A 
D  .  AT  TOR  MO  0  < 


ALLOW  SHEAR  I  INRI  IMLORCGD  HI  I 

Al  I.  IIU  SHEAR  AT  SUPPORT 

UNIT.  INI  TIRTT  IT  cmMi  L.T  TE  Tilt  TA 

PUS  I  I  I  VI  VI  I :  T  I  C.TI  NOME  N  I 

Nl  GA  T  I  VI  Vi:..l ;  I  !  C  Al  Ml  mi  n  t 

I  OS  I  1  I  VI  I  IOR  I  ,'i  IN  I  Al  MOMENT 

Ml  CmT  I  VI  IIORT  /MNIAI.  MOME.Nl 

S  Ml  I  Y  SUPPORTED  BEAM 


-1000  00 

66000 . 00 

83  0000 

'  0 

8  0000 

0  6.300 

COVER 

3  7800 

O  6300 

COVER 

3  7800 

0  89(10 

COVER 

3  7300 

0  89H0 

COVER 

3  7300 

185' 

:>383 

B  .  VO 

i  i  ’  o  o 
1.33  05 
633  03 
0  0  020 
2  153030  I  63 
,  3031 037  16 


9  7  33  PS  I.  10  76  39 

633  60  I 'SI  12.  'I  3  HI 

II  . '  HI  ■ , 

67036  SO 
67036  SO 
32  /''•!  70 

18/9  1  70 


BS  / 
BS  / 


IOCATI.CN  YIELD  L  INE  I  I  NOTH 

I  O'.  AT  LON  Y  IT  I  D  I  I  NL  I  II  TOI  IT 

HI...  I  IMA  T  L  I  (TAD  CAPACITY  PU 

SI  ICAR  ICAO  AT  VII I  I  I  CAI  SUPPORT 

SI  IE  Cil:  I  DAT)  AT  IIOIM/ONTAI  SUl'PllRT 

SHEAR  Al  DISTANCE  TITOM  VERT  IT  Al  SUIT 'Ml:  T 

SHEAR  AT  PL  ST  ANSI'  FROM  liORI/MNIAl  MM'I'OIT 

Al.  I  OWABI  I.  MAY  Dl:  IT.  I  Cl  LON 


O 


1.  'IS 

<',  1 1 

M‘l 

o 

l 

l  :  t  \  \'i 

Ul  i  l 

’  *0 

/l  •  >  1 

1  :  /  I  r  1 

U  1  1 

u 

1  ' 

< »  1 

'1 1 

'i,.>  r 

‘i  I 

■»  0° 

:>{< 

l.'i  W  I  P  l  1 1 
IN  Nl  II  l  III 


LOAD  MASS  FACTOR 
MASS  CONCRETE  ONLY 


0  .  73 50 
3909  30 


APPENDIX  D 


OUTPUT  FOR  ADDITIONAL  CONTROL  ROOM 
(FIXED  EDGES  ASSUMED) 


i 


I 

I 


**************************** 

*  CORPS  PROGRAM  *  X00S6  * 

*  VERSION  *  63/ 10/01  * 

**************************** 

**********************  CAUTION  ********************** 

THIS  PROGRAM  SHOULD  BE  USED  FOR  PRELIMINARY  DESIGN 
AND/OR  ANALYSIS  ONLY  FINAL  DESIGN  AND/OR  ANALYSIS 
INCLUDING  REINFORCEMENT  PLACING  DETAILS  SHOULD  BE 
IN  ACCORDANCE  WITH  DEPARTMENT  OF  THE  ARMY  TECHNICAL 
MANUAL  TM  5-  1300,  ' STRUCTURES  TO  RESIST  THE  EFFECTS 

OF  ACCIDENTAL  EXPLOSIONS' . 

***************************************************** 


INPUT  NAME  OF  DATA  FILE  IN  7  CHARACTERS  OR  LESS. 

HIT  CARRIAGE  RETURN  IF  DATA  IS  TO  COME  FROM  TERMINAL 
•-nasa  -  a 


INPUT  NAME  OF  I  ILL  FOR  OUTPUT  TO  BE  WRITTEN  TO. 

HIT  A  CARRIAGE  RETURN  IF  OUTPUT  TO  BE  PRINTED  AT  TERMINAL 


NASA  OP  I 
IN  T 

EXPLOSIVE  PROPERTIES  ..  CHARGE  WEIGHT  ( LB )  »  1.000. 

NUMBER  EQWT  EFORM  EXPLOSIVE  COMPOSITION  BY  WEIGHT 
KCAL./G  t:  H  N  O  AL 

t  1 . 000  "0 . 078400  0.370  0  0«.!H  0  :1.83  0.4223  0 


PAMBC  PS  I  A)  14. 63 


TAMB(G) -  SO. 00 


SHUCK  WAVE  CALCUI  AT  ION 


INI  'UT  PARAMi:  (  EPS 

CHARGE  WEIGHTIER)  1000 

EXPLOSIVE  NUMBER  I 

I.  /  D  RA  T  .1  O  0 

CASE /CHARGE  WT  RATIO  o". 

CHAMBER  PRESSURE  (PS  I A  I  14  A<> 

CHAMBER  TEMPtC)  PO  00 

ALT  I  TUDE  ( KF  T  )  0 


charge:  we:  i:  cm  t  ad.  n  i i  mi .71 1  s 


ADJUSTED  WT ( LB  TNT)  1000 

HE  ENERGY  FACTOR  I  0O0 

CHARGE  SHAPE  FACTOR  I  O00 

CASE  WEIGHT  FACTOR  I  000 

PRESSURE  SCALE  FAC  TOR  I  000 

DISTANCE  SCALE  FACTOR  0  9'>V>| 

TIME  SCALE:  FACTOR  0  1008 

NORMAL  REF  I  FACTOR  4  108 


DISTANCE  OF  CHARGE  I  ROM  BLAST  WAI.I. 
CHARGE  WEIGHT 


FT 
LBS  . 


JO  .  00 
1.000  00 


.  A''* 


BLAST  WALL  HEIGHT  FT. 

BLAST  WALL  LENGTH  FT 

HEIGHT  OF  CHARGE  ABOVE  GROUND  FT 

01  S  I  BE:  TWEEN  CHARGE  S  LEF  T  BOUNDARY  F  T 

REFLECTION  CODE 


12 .  so 

T  7  00 
0 

39 . 00 

0  0  0  0 


TOTAL  IMPULSE 
DURATION  OF  LOAD 
FICTITIOUS  PEAK  PRESSURE 
EFFECT I VE  IMPULSE 


7  /10  PS  I  -MS 
23,57221  MSEC 
6.5T803  PS I 
77.10  PS I  MS 


HEIGHT  ISO  00  IN  LENGTH 


SAT  00  IN 


DYNAMIC  CONCRETE  STRENGTH 
DYNAMIC  STEEL  STRESS 
THICKNESS  CONCRETE  INCHES 
THICK  Nil  SS  OF  SAND  INCHES 
THE  T  A  Al  l  OWABI  E  DECREES 


TOGO  00 
66000  00 
IT . 0000 
0 

a. oooo 


AREA  VERT  TOP  STEEL/FT 
AREA  VERT  BO  I  DTE  El  .  /  FT 
AREA  HOI:  I  7  I  OR  STEEL /FT 
AREA  MORI/  BO  t  ST  EE  I. /I  T 


0  TO  00 
0 . TOGO 
O  TOOO 
0  TOOO 


COVER 

COVER 

COVER 

COVER 


3  0000 
3  0000 
3  0000 
3  0000 


TYPE  1  CONSTRUCTION 


CONCRETE  MODULUS  PS I 
RA  I  I.  O  MOD  S  TEEL  /  CONI' RE!  TE 
GROSS  MOMENT  INERTIA 
AVE  CRACKED  MOM  INERTIA 
AVE  MOMENT  INERTIA 
AVERAGE  PERCENT  STEEL 
ID  FACTOR  MU  :  1.  /  6 
ID  FACTOR  MU  0  3 


3570519 . 
B  .  12 
228 . 67 
2T  66 
126  66 
0  0030 
T65 183272 . 
T9 69 793. 1  7 


ALLOW  SHEAR  UNREINFORCED  WEB  106.52  PS  I 
Al  LOW  SHEAR  AT  SUPPORT  760  32  PS I 

UNRE  I  NT  (DRI  ED  CONCRETE  THETA  I  I.  2  DEG 


PHS  I  T  TUI 
HI  GA  r  IIVI 
P<  IS  I  T  .1.  VI: 
Nl  I  .1  VII. 


VM  M  I  i  'il  MOMI  N  T 
VI  .1:1  l  l  Al  MlDMI  NT 
I  KIR  !  /UN  I  Al  MOMI -N'T 
HORIZONTAL  MOMI  NT 


23606  86 
23606 . 86 
i 1 3 60  6  06 
23606  06 


1.1.71  69  I  I  ;S/  IN  WIDTH 
9363  52  I  Pi/lfl  W  TID  M  I 


SUPPORT  ON  3  SIDES 

YII.I..I)  LINE  X  I  ROM  SI  IDI 

I  OCA  I  I  ON  Y I  EL.  ID  I  INI  I  ENG  III  202  70 

LOCATION  YIELD  MINI  III.  ICUT  150  00 

Ul  I  I  MAIL  LOAD  CAPACITY  RU  5  /T56 

SOLAR  I  HAD  AT  VI.  RTICAL.  SUPPORT  698  /0  I..B/  IN  WIDTH 

SI  IT  AR  LOAD  AT  HORIZONTAL  SUI  •PORT  627  25  IB/  IN  W  ID  III 

SHI  AR  AT  DISTANCI  I-' ROM  VI  RT  I  CAE  SUPPORT  59  TO  PS  I 

SHI  AR  Al  Of  STANCE  I  ROM  III  HU  /ON!  Al  SUPPORT  52  77  PS  I 


D3 


ALLOWABLE  MAX  DEFLECTION 


5  8669 


LOAD  MASS  FACTOR  0.6030 

MASS  CONCRETE  ONLY  1896 . 79 


FIRST  YIELD  POINT  AT  PT8 

ELASTIC  LIMIT  RE  PSI  8.03 

ELASTIC  DEFLECTION  XE  0  1  706 

SECOND  YIELD  AT  PT  3 

ELASTO  PLASTIC  LIMIT  2.68 

ELASTO  PLASTIC  DEFLECTION  0  2328 

ULTIMATE  RESISTANCE  5 . 75 

PLASTIC  DEFLECTION  1  8318 


UL.  I  I  MA  IL  RE  S I  STANCE:  RU 
ELASTIC  DEFLECTION  LIMIT  XE 
SI  CEE NESS  KE 


5 . 75 
l  .  88  <18 


-1 . 69 


MASS 


1896 . 790 


LOAD 
DURA  T ION 
RES I STANCE 
ST If F  NESS 


6  560 
83  5  78 

5  .  "7  <16 

6  6  >3 


GAS  PRESSURE  0 

NATURAL  PERIOD 

MAX I MUM  DEFLECT I ON 

TIME  TO  MAXIMUM  DEFLECTION 

DURA  T I  ON  /  NATURAL.  PER  I OD 

LOAD/ RES  T  STANCE 

ELASTIC  DEFLECTION  LIMIT 


DURATION  0. 

186  31 6067 
0  7866 18 
39 . 356967 
0  186616 
t.  .  139651 
1  286833 


MAX  FRAGMENT  SPALL  VELOCITY  FT / SEC 


8  661.588 


TOIAl...  COM  6739.16 

■  i  lON  T  1.00 

iN.lllAI  POINT  VIOLA  I ES  A  CONSTRAINT  X)S  ARE/  0  1 600  OOF  <v>  0  60  Ml  o  01.  00  O 
OOF  0  0 

G  )  S  ARI 

0  666880E  0  1  0  67  1.81.  OF  08  0  18  00  00  01  0  1.  0  800000E  O  I.  0  8000001  Ol 
0  8000001  0  I  0 . 80000 OF:  0  1  0  1.06 00 OF  03  0  I  960001  08 
0  I960  OOF!  08 


TEMPORARY  OF 

0  001  0  1 

DECT  I VI 

FUDGE  (  I 

FUNCTION  IS 

) 

NEGATIVE  OF 

VIOLATED  CUN' 

.  1  1  :A  1  NT 

0 

0 

0  180 OOF 

.  oo  o  1800  oc: 

00  0  1.80001 

00 

0  1 80001:  0  0 

X ) S  ARE 

0 

0 

0 

0 

NO 


O  14000 OE  08  0.400000E  00  0 . 400000E  00 


G  )  5  ARE 

0.446228E  01  0.471S10E  02  0 . 100000E  00  0 . 100000E  00  0 . 100000E  00 
0.100000E  00  O . 200000E  01  0 . 1G&000E  03  0 . 196000E  02 
0 . 196000E  02 


R  -  0 . 48956325E- 03 

ITER  ~  0  P  «  0  40000001 E- 01  OBJ  ==  0 . 20000000E - 0 1 

ITER  =  1  P  --  0 . 781&1520E  -02  OBJ  -•-••0 . 21999999E 0 1 

G  )  S  ARE 

0.487286E  01  0  477330E  02  O . 142000E  00  O  14H000E  00  O . 142000E  00 
0.142000E  00  0  600000E  00  0.187400E  03  0 . 196000E  02 
0 . 19400 OE  02 
FUNCTION  CAI..LS  »  4 


ALL.  CONSTRAINTS  HAVE  BEEN  SATISFIED  AND  REAL  OBJECTIVE  FUNCTION  WILL  BE  MINIMI 
ED  NEXT 
X ) S  ARE 

0.184000E  02  0  40000 OF  00  0  4000Q0E  00 
G  )  S  ARE. 

O  487284E  01  0.477350E  02  0  820000E  Ol  0  220 00 OF  0  I  0  220000E-01 
0 . 220000E  •  01  0.600000E  00  0  IB /-1 00  E  03  0  196000E  02 
0 . 196000E  08 


R  =■>  0 . 34331339E  08 

ITER  «  0  P  0  18497054E  03  OBJ  *  0  A3483849E  04 

ITER  =  12  P  0  74689890E  04  OBJ  a  0  47630741E  04 

G  )  5  ARE 

0  .  4J4584E  01  0  888U57L  08  0 . 238BS8E  00  O  83011", HE  00  0  83887  18  O't 
0 . 830871 E  00  0.80  441  OL  00  0 . 10769 AIL  03  O  1939801::  08 
O . 193986E  08 
I  UNC  1  ION  CALL  S  »  I  4  1 


OBJ  0  47430/4  1.1  n  4 
OEM  ■=  0  4 09 3 3 4 -rn  0  I 

.,>3  AIM 

O  4  148  43!:  0  1.  0  58 1  /  I  31  02  O  733/30E  08  0  7357301::  08  O  753  780E  08 

u  ,  35780E  08  0  93 1 885E  08  0  1 3  79901  03  O  1 9438,  >1  08 

1 1  )  >;v»;  E'8i..  op 

I  I  INC  II.  UN  CALLS  1.33 

XNEXI(I) 

o  1.80008!:::  08  o  ,i4o;>  i'm::  oo  o  3402471  00 


R  ::  0  343315391:::  01 

.1  t  : ...  0  p  o  4  74:3 78o<i|.:  01 

I.  I  Lil  9  P  0  I.  I  340431!  0  4 


I!  0  34331  33'4  0  1 


D5 


ITER  ~ 
ITER  = 


0 

3 


P  “  0  60730960E  04 
P  =  0 . 60730668E  04 


OBJ  «  0  60723626E  04 
OBJ  *  0  60723797E  04 


G  )  Si  are: 

0.416580E  01  0 . 531341 El  02  0 . 239574E-- 03  0 . 239374E--03  0  24218  71  03 

0  242187E  03  0 . 303986E-03  0  .  188000E  03  0 . 196398E  02 
0 . 196397E  02 
FUNCTION  CALLS  -  107 

XNEXTII)  - 

0  . 120000E  02  0  360009E  00  0.340011E  00 


R  «  0  34531 539E-  07 

ITER  "=  0  P  -  0.607J7273E  04  OBJ  ~  O  607170981  04 

1  J'ER  -  3  P  0  607172S7E  04  OBJ  ~~  0 . 607J.7038E  04 

a  i  s  are: 

0 . 41 63 / IE.  0  1.  0 . 531  630E  02  0  735325E-05  0  733325E-03  0 . 749465E  05 
0 . 749465E--03  0.964972E  05  0 . 188000E  03  0 . 1.96400E  02 
0.1 7640 OE  02 
FUNCTION  CALLS  “  106 

XMExTCI)  * 

0.120000E  02  0.360000E  00  0  360000E  00 
rOTAL  FUNCTION  CALLS  «=  516 

ITER  0  PF  ■=  0  4071726E  04  OBJ  ~  0.6071682E  04  X) 

0.120000E  02  0.360000E  00  0  3600001  00 

c  >  s  arm::: 

0 . 41 657 IE  0  1  0  . 531660E  02  O  216122E  06  0 . 216122E-06  0 . 730378E- -07 
0  730378E -07  0  341992E  06  O  188000E  03  0 . 196400E  02 
0  I  76  40 OE  02 


HEIGHT  150  00  IN  LENGTH  564  00  IN 


DYNAMIC  CONCRETE.  STRENGTH 
DYNAMIC  STEM  STRESS 
THICKNESS  CONCRE' IE  INCHES 

THICKNESS  OE  SAND  INCHES 

T I  II  T  A  AI...I.J  ildABI  E  DEGREE  S 

ari  a  ur  f  t  inn  sti  ei.  n  i 
arm: a  vi  rt  nor  sum  /i  t 

AIM  A  IIORIZ  TOP  STIII./r  1 
ARM!:  A  IK  TIT  I  /  BUT  STEM  /I  I 


Cl  INC  RE.  I  E.  MODULUS  PS  I 
I TA  I  r  n  MOD  S  I  E  E  l  /  CONCRETE 
GROSS  MOMENT  INERTIA 
AVE  l  RACKED  MOM  I  NERT  I  A 
AVI  MOMENT  INERTIA 

average;:  percent  steel 

D  t  AC  TOR  MU  1/6 
O  PACT OR  MU  0  3 


4800 . OO 

66000  00 

IB  . 

0000 

0 

P 

0  00  0 

O 

3600 

COVER' 

3  0000 

0 

3600 

cove:  it 

3  0  00  0 

.  0 

3600 

COVE  IT 

3  00  0  0 

0 

3600 

COVI  It 

3  000  0 

357  or 

".17 

( (  1  2 
144  00 
14  32 
79  41 
0  0033 
27.1  637208 
31  1.5/1 1  7  Vi 


ALLOW  SHEAR  UNREINFORCED  WEB  107.16  PSI 
ALLOW  SHEAR  AT  SUPPORT  760 . 32  PSI 
UNREINFORCED  CONCRETE  THETA  L.E  2  DEC 


96fl . 43  LBS/ IN  WIDTH 
6842 . 88  LBS/ IN  WIDTH 


POSITIVE  VERTICAL  MOMENT 
NEGATIVE  VERTICAL  MOMENT 
POSITIVE  HORIZONTAL  MOMENT 
NEGATIVE  HORIZONTAL  MOMENT 


17339 . 57 
17339 . 57 
17339 . 56 
17339  56 


SUPPORT  ON  3  SIDES 
YIELD  LINE  X  FROM  SIDE 

LOCATION  YIELD  LINE  LENGTH 

LOCATION  YIELD  LINE  HEIGHT 

ULTIMATE  LOAD  CAPACITY  RU 

SHEAR  LOAD  AT  VERTICAL  SUPPORT 

SHEAR  LOAD  AT  HORIZONTAL  SUPPORT 

SHEAR  AT  DISTANCE  FROM  VERTICAL  SUPPORT 

SHEAR  AT  DISTANCE  FROM  HORIZONTAL  SUPPORT 

ALLOWABLE  MAX  DEFLECT I ON 


202  70 

150 . 00 

4 . 2203 

513 . 26 

LB  /IN 

460  7g 

LB  /  IN 

54  OO 

PSI 

48 . 07 

PSI 

5 . 2469 

LOAD  MASS  FACTOR  0  6030 

MASS  CONCRETE  ONLY  1625.82 


FIRST  YIELD  POINT  AT  PT2 

ELASTIC  LIMIT  RE  PSI  1  49 

ELASTIC  DEFLECTION  XE  0  1996 

SECOND  YIELD  AT  PT  3 

ELASTO  PLASTIC  LIMIT  t  93 

ELASTO  PLASTIC  DEFLECTION  0 .27 27 

ULTIMATE  RESISTANCE  4.22 

PLASTIC  DEFLECTION  2  146.1 


ULTIMATE  RESISTANCE  RU  4  22 
ELASTIC  DEFLECTION  LIMIT  XE  1.4343 
STIFF  NESS  KE  2.94 


MASS 

1623  02 0 

LOAD 

a  •:>  48 

DURA I  TON 

2.1  372 

RESTS  T  ANCE 

4  220 

STIFFNf.  SS 

2  942 

GAS  PRESSURE  0 

NATURAL  PERIOD 

MAX  f. MIJM  DEFLECTION 

T  I  Ml  T  O  MAXIMUM  DEFLEC  T  ION 

DURATION /NATURAI  PERIOD 

J.  DAD  /  RF  S  I S  TANCE 

ELASTIC  REIT... EC  T  TON  L  IMI  T 


DURATION  0 

147  696007 
I  OH  I  181 
44  491406 
0  159599 
I  551571 
I  434316 


WIDTH 

WIDTH 


MAX  FRAGMENT'  SPALL  VLIDf  I  T  Y  I  T  /  SEC 


APPENDIX  E 


OUTPUT  FOR  ADDITIONAL  CONTROL  ROOM 
(ONE  FREE  EDGE  ASSUMED) 


■v 


**************************** 

*  CORPS  PROGRAM  #  X005&  * 

*  VERSION  *  83/10/01  * 

**************************** 


**********************  CAUTION  ********************** 

THIS  PROGRAM  SHOULD  BE  USED  FOR  PRELIMINARY  DESIGN 
AND/OR  ANALYSIS  ONLY.  FINAL  DESIGN  AND/OR  ANALYSIS 
INCLUDING  REINFORCEMENT  PLACING  DETAILS  SHOULD  BE 
IN  ACCORDANCE  WITT  DEPARTMENT  OF  THE  ARMY  TECHNICAL 
MANUAL  IM  5-1300,  ' STRUCTURES  TO  RESIST  THE  EFFECTS 

OF  ACCIDENTAL  EXPLOSIONS'. 

***************************************************** 


INPUT  NAME  or 
HIT  CARRIAGE 


DATA  FILE  IN  7  CHARACTERS  OR  LESS. 
RETURN  II  DATA  IS  TO  COME  FROM  TERMINAL 


INPUT  NAME  OF  FILE  I  OR  OUTPUT  TO  IT  WRITTEN  TO 

HIT  A  CARRIAGE  RETURN  IF  OUTPUT  ID  El  PRINTED  AT  TERMINAL 


NASA  OPT 
INI 


EXPLOSIVE  PROPER!  ICS.  CHARGE  WEIGHT  t LB  >  »  1000. 

NUMBER  fcQWT  Ef ORM  EXPLOSIVE  COMPOSITION  BY  WEIGHT 
KCAL/U  C  H  N  O  Al... 

1  L  000  0  0  78 A 00  0  370  0  OSS  0.183  0  <133  0 


I 'AMB  (  PS  r  A  )  1  <1  7,9 

SHOCK  WAVE  CALCULA'T  ION 

I  Ml  'll!  I'ARAMC  TERS 
CHARGE  WE  1011)110 
L  XPI.  OS  CVt  NUMBER 
l./D  RATIO 

CASH.  /CHARGE  WT  RAT  IO 
Cl  IAMBI  R  I  'RES SURE.  (  PS  T  A  ) 
CHAMBER  TEMPCC) 
ALTITUDE  (KIT) 


I  AMB  (O' 


CHARGE  WEIGHT  ADJUSTMENTS 
ADJUSTED  WT ( LB  TNT)  In 00 

HE  ENERGY  FACTOR  I  000 

CHARGE  SHAPE  FACTOR  I.  000 

CASE  WEIGHT  FACTOR  I.  000 

PRESSURE  SCALE  FACTOR-  1  000 

D  I  STANCE  SCALE  FACTOR  0  999 9 C  0  I 
TIME  SCALE  FACTOR  0  TO 08 

NORMAL  REEL  FACTOR  -  6. 108 


DISTANT!  Or  CHARGE  L ROM  BLAST  WALL 
CIIARGT  Wl  TCHT 


I  T 

I  BS 


30  00 
1000  00 


BLAST  WALL  HEIGHT 

BLAST  WALL  LENGTH 

HEIGHT  Of"  CHARGE  ABOVE  GROUND 

DIET,  BETWEEN  CHARGE  &  LEFT  BOUNDARY 

REFLECTION  CODE 


12 .  so 
47  00 
12  50 
39 . 00 
0  0  0 


TOTAL  IMPULSE 
DURATION  OF  LOAD 
FICTITIOUS  PEAK  PRESSURE 
EFFECTIVE  IMPULSE 


77. IB  PS I  -MS 
23.57221  MSEC 
6.54003  PS I 
77  la  PS I  MS 


130  00  IN 


LENGTH 


564.00  IN 


DYNAMIC  CONCRETE  STRENGTH  4000  00 

DYNAMIC  STEEL  STRESS  66000.00 

THICKNESS  CONCRETE  INCHES  14.0000 

THICKNESS  OF  SAND  INCHES  0. 

THETA  ALLOWABLE  DEGREES  2.0000 


AREA  VERT  TOP  STEEL /FT 
AREA  VERT  BO  T  STEEL /FT 
AREA  HOI:  I  /  TOP  STEEL /FT 
AREA  HO  IT  I  /  BO  T  STEEL  /FT 


0  4000  COVER 
0  4000  COVER 
0  4000  COVER 
0  4000  COVER 


3  0000 
3 . 0000 
3  0000 
3  0000 


I  CONSTRUE T ION 


CONCRETE  MODULUS  PS I 
RAT  It)  MOD  STEEL /CONCRETE 
GROSS  MOMENT  INERTIA 
AVE  CRACKED  MOM  INERTIA 
AVE  MOMENT  INERTIA 
AVERAGE  PERCENT  STEEL 
I)  FACTOR  MU  1/6 
I)  FACTOR  MU-  0  3 


35/0519 
B  1 2 
228 . 6  7 
24  66 
126  66 
0  0030 
465183272 
4969  793.1.7 


ALLOW  SHEAR  UNITE  INFORCED  Ul  I 

ALLOW  SHEAR  AT  SUPPORT 

UNIT!  INFORCED  CONCRI  II  THETA  I  I 


I  171.  69  I  BS  /  IN  WIDTH 
0363  52  IBS/ IN  WIDTH 


I  'OS  I  1  T  VI  VI  I  :  f  1  V..AI  MOMI  N  T 
NEGAT1VI  VERTICAL.  MOMI:  N  I 
POSITIVE  HORIZONTAL.  MOMENT 
Nl  OAT  I!  VI  HORIZON  I  Al..  MOMENT 


23606  06 
23606  06 
23606  06 
23606  06 


SUPPORT  ON  3  SIDES 
YIELD  LINE  X  FROM  SIDE 


I..  CITATION  YIIID  LINE  LENGTH 

LOCATION  YIELD  LINE  HEIGHT 

OF  I  I  MATE  LOAD  CAPAC  I  T  Y  ITU 

SHEAR  LOAD  AT  VERTICAL.  SUPPORT 

SHEAR  LOAD  AT  HORIZONTAL  SUPPORT 

SHEAR  AT  DISTANCE  FROM  VERTICAL  SUPPORT 

SHI  AIT  AT  DISTANCE  FROM  HORIZONTAL  SUPPORT 


202  7  0 

130  00 
5  7456 

698.70  1.0/  IN  WIDTH 
627.25  I..B/  IN  WIDTH 
59.40  PS r 
52 . 7  7  PS  I 


ALLOWABLE  MAX  DEFLECTION 


LOAD  MAS'.  FACTOR 
MASS  CONCRETE  ONLY 


0 . 6030 
1096  79 


FIRST  YIELD  POINT  AT  PT2 
ELASTIC  LIMIT  RE  PSI 
ELASTIC  DEFLECTION  XE 


a .  03 

0  170  A 


SECOND  YIELD  AT  PT  3 
E:  L  AS  T  O  PL  AST  IC  L  I  MI  T 
EE  AS  T  O  PI  AS  T  IC  Dl:  Ill  CT  TON 
III  T  I  MA  T  E  RES  I  STANCE 
PEAS  T  EC  DEI  LI  CT  ION 


2  62 
0  2328 
5 . 73 
1.  8318 


at.  (  .1  MA  T  E  RE  S  1  S  T  ANCE  RIJ 
EL  AS  T  1 C  DEI  EEC  I  I  ON  I...  I  M I  T 
ST  II  E  Ml:  SS  KE 


5  73 
1  22  AS 
A  69 


MASS 
LOAD 
DURA  T ION 
RES  I  S  T  ANCE 
S  T  il  l-  NESS 


1896  790 
6  3  Afl 
23  372 
3  7  A  6 
A  693 


CAS  PRESSURE 


DURATION 


NATURAL.  PERIOD 

MAX  I  MUM  DEF  EEC T I ON 

TIME  TO  MAXIMUM  DEFLECTION 

DURA I  I ON / NATURAL  PER  I  OD 

LOAD/ RES  IS  TANGE 

IVI  AS  1  [ C  DEELECTION  LIMIT 


126  31A0A7 
0  78A618 
39  33A967 
0 . 186616 
1 . 139631 
I . 22A233 


MAX  FRAGMENT 


01  LOCI  T  Y  FT /SEC 


66 1. 582 


(OTAI  I  OS  T  6/39  16 

COON  I  I  0  0 

TNIIEAI  POINI  VI.  Ul  ATI  S  A  CONSTRAINT  X>S  ARE/  0  I.AOOOOI  OF'  0  '1000001  00  0  '1000 


I  •  ) S  ARE 

0  AA62ROI  0  1  0  A  /  I  ,'IOE  02  0 . 200000E  0 1  0  3000001!;:  01  0  8000  001:  0  1 

0  80000  01.  0  1  O  200000E  0.1  O  186000E  03  O .  I960O0E  08 

0  1960  0  01  08 


te  mporary  objective:  function  rs  NEGATIVE  of  violated  constraint  no 
0 0 0 El  0:1  lUDGE(I) 

0  0  0  I2000E  00  O  1.80  O  OE  00  O  180001  00 

o  i  8 oo or  oo  o  o  <>  o 

X  I  S  ARE 


0  140000E  02  0.400000E  00  O  .  4000002  00 


GTS  ARE 

0 . 446228E  01  0.471210E:  02  O.IOOOOOE  00  0.100000E  00  0.100000E  00 
0 . 100000E  00  0 . 200000E  01  0 . 186000E  03  O . 196000E  02 
O . 196000E  02 


R  =»  0 . 48956325E-  03 

ITER  “  0  P  =»  0 . 40000001E-01  OBJ  -  0 . 20000000E-01 

ITER  w  1  P  ~~0 . 72161520E-02  OBJ  --0 . 21999999E  •  01 

G ) 3  ARE 

0.427286E  01  0 . 4775502  02  0 . 142000E  00  0 . 142000E  00  O . 142000E  00 
0.142000E  00  0.600000E  00  0.187400E  03  0  196000E  02 
O . 196000E  02 
FUNCTION  CALLS  ~  4 


ALL  CONSTRAINTS  HAVE  BEEN  SATISFIED  AND  REAL  OBJECTIVE  FUNCTION  WILL  BE  HINIMIZ 
ED  NEXT 
X ) S  ARE 

0.126000E  02  0.400000E  00  0.400000E  00 
G)S  ARE 

0 . 42728AE  01  0.4775S0E  02  0 . 2200002  01  0 . 220000E-01  0  820000E-01 
0 . 220000E-01  O.AOOOOOE  00  0  187400E  03  0 . IV AO OOF  02 
O . 196000E  02 


R  O  . 34331339E  02 

ITER  -  0  P  -  0 . 12697034E  05  OBJ  »  0 . 6348S269E  04 

ITER  -  12  P  -  0.74689290E  04  OBJ  -  0.67630741E  04 

G ) S  ARE 

0 . 424384E  01  0.22285/E  02  0 . 238858E  00  0 . 238858E  00  0.23827  IE  00 
0 . 23827 IE  00  0. 30441 OE  00  0.187A9AE  03  0 . 193920E  02 
0 . 19392AE  02 
FUNCTION  CALLS  -  164 


R  -  0.345315392-0:1. 

I  TER  "•  0  P  ~  0  A7637800E  04  OBJ  -  0 . 67630741E  04 

ITER  -  9  P  -  0  A1J54845E  04  OBJ  -  0  A0935A43E  04 

OS  ARE 

0  4168432.  01  0.521713E  02  O  .  /55730E  •  02  0 . 755730E -02  0  755720E02 
0 . 755720E-02  0.951225E  02  0  187990E  03  0 . 196322E  02 
0 . 196322E  02 
FUNCTION  CALLS  -  133 

X NEXT (IT  « 

O.I.20002E  02  O  3A0249F  00  0  3A0267E  00 


li  «  0  3453I.339E  04 


ITER  »  0  P  =  0 . 60730960E  04  OBJ  «=  0 . 60723626E  04 

ITER  =  3  P  =  0.60730668E  04  OBJ  »  0.60723797E  04 

c  )  s  are: 

0.416580E  01  0 . 53 134 IE  02  0 . 239574E-03  0.239574E-03  0.242187E-03 
0 . H42187E— 03  0 . 303986E-03  0 . 188000E  03  0.196398E  02 
0  196397E  02 
FUNCTION  CALLS  -  107 

XNEXT  < I )  » 

0  120000E  02  0.360009E  00  0.36001 IE  00 


R  »  0 . 34531539E-07 

ITER  «  0  P  =  0.60717273E  04  OBJ  -  O . 60717098E  04 

ITER  "  3  p  n>  0  60717257E  04  OBJ  =  0.60717038E  04 

05  ARE 

0.416571E  01  0.531650E  02  0 755325E  05  0 . 755325E- 05  O . 749465E-05 
O  .  749465E--05  0 . 964972E-03  0 . 18B000E  03  O . 196400E  02 
O  196400E  02 
FUNCTION  CALLS  »  106 

XNEXT t I )  - 

0  120000E  02  0.360000E  00  0 . 360000E  00 
TOTAL  FUNCTION  CALLS  «  51.6 

ITER  0  PF  »  0 . 6071726E  04  OBJ  «  0  60716B2E  04  X)S  ARE 

0 . 120000E  02  0.360000E  00  0 . 360000E  00 

os  are: 

0  41  637. IE  01  0.331660E  02  0 . 21  6122E  •  06  0 . 216122E-  06.  0  730378E-- 07 
0 . 73037QE-07  0.341992E  06  0 . 188000E  03  0 . 196400E  02 
0..196400E  02 


HEIGHT  150.00  IN  LENGTH  564.00  IN 


DYNAMIC  CONCRETE  STRENGTH 
DYNAMIC  STEEL  STRESS 
THICKNESS  CONCRETE  INCHES 
THICKNESS  OF  SAND  INCHES 
THETA  ALLOWABLE  DECREES 

AREA  VERT  TOR  STE  EL /F  T 
AREA  VERT  DOT  STEEL /FT 
AREA  HORXZ  TOP  STEEL/FT 
AREA  HORIZ  BUI  STEEL/FT 


CONCRETE  MODULUS  RSI 
RATIO  MOD  STEEL / CONCRETE 
CROSS  MOMENT  INERTIA 
AVE  CRACKED  MOM  INERTIA 
AVI  MOMENT  INERTIA 
AVERAGE  PERCENT  STEEL 
D  FACTOR  Ml.l-1/6 
D  FAC ( OR  MU=  0 . 3 


4800 . 00 
66000 . 00 
12 . 0000 
0  . 

2  0000 

0  3600  COVER  3  0000 

0.3600  COVER  3  0000 

0  3600  COVER  3  0000 

0  3600  COVER  3.0000 


3570519. 
8  12 
144  00 
14  82 
79 . 41 
0  0033 
291637288 
311571178 


ALLOW  SHEAR  UNREINFORCED  WEB  107.16  PSI 
ALLOW  SHEAR  AT  SUPPORT  760  32  PSI 
UNREINFORCED  CONCRETE  THETA  LE  2  DEG 


964  ■05  LBS/ IN  WIDTH 
6842.88  LBS/ IN  WIDTH 


POSITIVE  VERTICAL  MOMENT 
NEGATIVE  VERTICAL  MOMENT 
POSITIVE  HORIZONTAL  MOMENT 
NEGATIVE  HORIZONTAL  MOMENT 


17339 . 57 
17339  57 
17339,.  56 
17339  56 


SUPPORT  ON  3  SIDES 
YIELD  LINE  X  FROM  SIDE 


LOCATION  YIELD  LINE  LENGTH 

LOCATION  YIELD  LINE  HEIGHT 

ULTIMATE  LOAD  CAPACITY  RU 

SHEAR  LOAD  AT  VERTICAL.  SUPPORT 

SHEAR  LOAD  AT  HORIZONTAL  SUPPORT 

SHEAR  AT  DISTANCE  FROM  VERTICAL  SUPPORT 

SHEAR  AT  DISTANCE  FROM  HORIZONTAL-'  SUPPORT 

ALLOWABLE  MAX  DEFLECTION 


202 . 70 

150  00 

4.2203 

513.26 

LB/  IN 

460  72 

LB/ IN 

54  OO 

PS  I 

48 . 0  7 

PS  I 

5 . 2469 

LOAD  MASS  FACTOR  0. 6030 

MASS  CONCRETE  ONLY  1635.82 


FIRST  YIELD  POINT  AT  PT2 

ELASTIC  LIMIT  RE  PSI  1.49 

ELASTIC  DEFLECTION  XE  0.1996 

SECOND  YIELD  AT  PT  3 

El..  AS  TO  PLASTIC  LIMIT  1.93 

EL  ASTO  -  PLASTIC  DEFLECTION  O . 2727 

ULTIMATE  RESISTANCE  4.22 

PLASTIC  DEFLECTION  2. 1461 


ULTIMATE  RESISTANCE  RU  4.22 
ELASTIC  DEFLECTION  LIMIT  XE  1.4343 
STIFFNESS  KE  2.94 


MASS  1625. 

820 

LOAD  6 

348 

DURATION  23 

572 

RESISTANCE  4. 

220 

STIFFNESS  2 

942 

CAS  PRESSURE 

0 

DURA! ION 

0 

NATURAL.  PERIOD 

1  4  / 

696007 

MAXIMUM  DEFLEC  T  ION 

1 

08  1  .1  81 

TIME  TO  MAXIMUM  DE 

ELECT  ION 

/\/\ 

491 406 

DURA I  I ON / NATURAL  P 

1  R  HID 

0 

L  39399 

LOAD /RES  1.  STANCE 

1 

33 13/1 

ELASTIC  DEFLECTION 

1  TM  T  T 

1 

4343 t 6 

MAX  FRAGMENT  SPAI  1... 

VFI  OC  I  T  Y 

F  I  /  ST  (.  3 

WIDTH 

WIDTH 


